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MODIFIED HYALURONIC ACID POLYMER 
COMPOSITIONS AND RELATED METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of priority to US. Pro 
visional Application No. 61/230,074, ?led Jul. 30, 2009 and 
to US. Provisional Application No. 61/311,953, ?led Mar. 9, 
2010, the contents each of Which is incorporated herein by 
reference in its entirety. 

FIELD 

The disclosure relates generally to hyaluronic acid having 
loW levels of functional group modi?cation, mixtures formed 
by controlled reaction of such lightly modi?ed hyaluronic 
acid With suitable difunctional or multi-functional reactants, 
and related hydrogel and hydrogel precursor compositions. 
The compositions described herein are lightly cross-linked 
and possess loW pro-in?ammatory properties When injected 
in vivo, and can be used as, for example, medical devices, 
biomedical adhesives and sealants, and for localiZed delivery 
of bioactive agents, among other uses. 

BACKGROUND 

Hyaluronic acid is a naturally-occurring, anionic, non-sul 
fated glycosaminoglycan that is distributed Widely through 
out connective, epithelial, and neural tissues. The average 70 
kg (154 lbs) person possesses roughly 15 grams of hyaluronic 
acid in his/her body, one-third of Which is turned over (de 
graded and synthesised) every day (Stern R. Eur J Cell Biol 
83 (7): 317-25, (2004)). Since hyaluronic acid is found natu 
rally in many tissues of the body and is therefore biocompat 
ible, it is believed to be Well suited to biomedical applications. 
Indeed, many polymeric materials, including hyaluronic acid 
(also referred to as hyaluronan), derivatiZed forms thereof, 
and its conjugates, can be used as inj ectable biomaterials, as 
Well as in medical devices and implantable materials. Appli 
cations include delivery of therapeutic molecules to a local 
iZed site, use as adhesives or sealants, in tissue engineering, as 
viscosupplements, and in Wound healing. Hyaluronic acid, 
When administered and used as a therapeutic in its naturally 
occurring form, is typically rapidly cleared from the body, 
making frequent administration necessary. Although often a 
polymeric gel or gel precursor may demonstrate favorable 
properties in terms of reaction chemistry and conditions, gel 
lation characteristics, and/ or therapeutic effect in one or more 
in-vitro models, in certain instances, such effects fail to trans 
late into bene?cial properties in vivo or in a clinical setting. 

SUMMARY 

In a ?rst aspect, provided is a hyaluronic acid modi?ed to a 
degree of 10% or less by reaction With divinyl sulfone. Spe 
ci?cally, the hyaluronic acid possesses 10% or less of its 
hydroxyl groups derivatiZed by an addition reaction With 
divinyl sulfone. 

In a particular embodiment, the hyaluronic acid has 1-10% 
of its hydroxyl groups derivatiZed to 2-(vinylsulfonyl)ethoxy 
groups. The resulting activated hyaluronic acid, having a loW 
level of divinyl sulfone activation is referred to generally 
herein as (2-(vinylsulfonyl)ethoxy)l_lo%hyaluronic acid or 
“VS-HA”. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
In yet another embodiment, the hyaluronic acid has a 

degree of conversion of hydroxyl groups to 2-(vinylsulfonyl) 
ethoxy groups selected from 1%, 2%, 3%, 4%, 5%, 6%, 7%, 
8%, 9%, and 10%. 

In yet a more speci?c embodiment, the hyaluronic acid has 
a degree of conversion of hydroxyl groups to 2-(vinylsulfo 
nyl)ethoxy groups of about 4-5% per disaccharide repeat unit. 

In yet another embodiment, the (2-(vinylsulfonyl) 
ethoxy)l_loo/o hyaluronic acid possesses a molecular Weight 
ranging from about 700 to about 3 million Daltons. 

In a second aspect, provided is a hydrogel formed by reac 
tion of (2-(vinylsulfonyl)ethoxy)l_lo%hyaluronic acid With a 
thiol crosslinker having tWo or more thiol groups. 

In a related embodiment, the thiol crosslinker possesses 
from tWo to about 8 thiol groups. In yet another embodiment, 
the thiol crosslinker possesses a number of thiol groups 
selected from 2, 3, 4, 5, 6, 7, and 8. 

In yet another embodiment directed to the second aspect, 
the thiol crosslinker is a thiol-functionaliZed polyethylene 
glycol (PEG) (i.e., a PEG-thiol). 

In an additional embodiment of the foregoing, the polyeth 
ylene glycol thiol possesses a molecular Weight ranging from 
about 250 about 20,000 daltons. 

In a related embodiment, the thiol-functionaliZed polyeth 
ylene glycol is linear and possesses a thiol group at each 
terminus, i.e., is polyethylene glycol dithiol (PEG dithiol). 

In yet another embodiment, the thiol-functionaliZed poly 
ethylene glycol is four-armed and possesses a pentaerythritol 
core. 

In yet another embodiment, the thiol-functionaliZed poly 
ethylene glycol possesses a polyol core selected from glyc 
erol, glycerol dimer (3,3'-oxydipropane-1,2-diol) trimethy 
lolpropane, sorbitol, pentaerythritol, and hexaglycerol. 

In a further embodiment, the hydro gel formed by reaction 
of (2-(vinylsulfonyl)ethoxy) 1_ 10% hyaluronic acid With a thiol 
crosslinker contains less than ten percent of unreacted thiol 
and less than 10% of unreacted vinyl sulfone groups. The 
quantity of residual, unreacted thiol groups can be deter 
mined, for example, using the Ellman’s test. 

In yet an additional embodiment, a hydrogel formed by 
reaction of (2-(vinylsulfonyl)ethoxy) 1_ loo/ohyaluronic acid 
With a thiol crosslinker contains a percent by Weight (Wt/Wt) 
of polymer to Water ranging from about 0.5 to 5.0 percent. 
Illustrative percents by Weight of polymer to Water for the 
resulting hydrogel are, in one or more embodiments, selected 
from 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 and 5 percent. 

In yet another embodiment, the hydrogel formed by reac 
tion of (2-(vinylsulfonyl)ethoxy)l_lo%hyaluronic acid With a 
thiol crosslinker is in the form of particles having a siZe 
ranging from about 0.10 to 3.0 millimeters. 

In yet another embodiment, the foregoing hydrogel par 
ticles are in the form of an aqueous slurry. 

In yet a further embodiment, the hydrogel as described in 
any one or more of the foregoing embodiments is dispersed in 
an aqueous solution of unmodi?ed hyaluronic acid. 

In yet an additional and more speci?c embodiment, pro 
vided is a composition comprising crosslinked hydrogel par 
ticles in a solution of hyaluronic acid in saline, Where the 
hydrogel particles are formed by reaction of polyethylene 
glycol dithiol (PEG-dithiol) With hyaluronic acid having 
1-10% of its hydroxyl groups derivatiZed With 2-(vinylsulfo 
nyl)ethoxy groups. 

In yet an additional embodiment, the hydro gel as described 
in any one or more of the foregoing embodiments comprises 
a bioactive agent. In a speci?c embodiment, the bioactive 
agent is a corticosteroid. In yet a more particular embodi 
ment, the bioactive agent is triamcinolone acetonide. 
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In yet an alternative embodiment, the hydrogel as 
described in any one or more of the foregoing embodiments 
comprises living cells. 

In a further embodiment, the hydrogel formed by reaction 
of (2-(vinylsulfonyl)ethoxy)l_lo%hyaluronic acid With a 
bifunctional or greater thiol crosslinker exhibits loW pro 
in?ammatory properties in a goat joint injection model. 

In a particular embodiment, the hydro gel exhibits loW pro 
in?ammatory properties as indicated by leukocyte response 
in associated synovial ?uid. 

In yet another particular embodiment, the hydrogel exhib 
its loW pro-in?ammatory properties in a goat joint injection 
model as indicated by gross observational scoring. 

In yet an additional embodiment, the hydrogel is sterile. 
In yet a further embodiment, a hydro gel as provided herein 

is packaged in a syringe. 
In yet a further embodiment, provided is a method of 

administering any of the herein described hydrogel compo 
sitions into an intra-articular space of a joint of a subject. 

In yet a third aspect, provided is a method of preparing 
(2-(vinylsulfonyl)ethoxy)l_10% hyaluronic acid. The method 
comprises reacting hyaluronic acid With divinyl sulfone 
under reaction conditions effective to react no more than 
about 10% of hydroxyl groups on the hyaluronic acid disac 
charide repeat units With the divinyl sulfone to form (2-(vi 
nylsulfonyl)ethoxy)l_lO%hyaluronic acid. 

In a related embodiment, the reacting comprises reacting 
hyaluronic acid With a molar excess of divinyl sulfone. 

In a further embodiment, the reacting step is carried out 
under ambient conditions. 

In yet another embodiment, the reacting step is carried out 
for 10 seconds to about 120 seconds under ambient condi 
tions. 

In yet another embodiment, the reacting step is carried out 
in aqueous base. 

In a further embodiment, the method further comprises 
quenching the reaction by addition of acid. In a related 
embodiment, su?icient acid is added to adjust the pH to a 
range from about 4 to 6.5. 

In a fourth aspect, described herein is a method of prepar 
ing a hydrogel. The method comprises reacting (2-(vinylsul 
fonyl)ethoxy)l_lo%hyaluronic acid With a thiol crosslinker 
having tWo or more thiol groups under reaction conditions 
effective to form a crosslinked hydrogel. Suitable thiol 
crosslinking agents include thiol-functionaliZed polyethyl 
ene glycol, alkane-dithiols and the like. 

In a related embodiment, the reacting is carried out at 
physiological pH. 

In yet another embodiment, the reacting is carried out in the 
absence of a polymerization initiator. 

In yet another embodiment, the reacting is carried out in the 
absence of application of an external energy source. 

In yet another embodiment, the reacting is carried out at a 
temperature ranging from 200 C. to 45° C. 

In yet a further embodiment, the hydrogel comprises 10% 
or less of unreacted vinyl sulfone or thiol groups. Preferably, 
the hydrogel comprises 5% or less of unreacted sulfone or 
thiol groups. In a speci?c embodiment, the hydrogel com 
prises essentially no detectable unreacted vinyl sulfone or 
thiol groups. 

In a ?fth aspect, provided is a kit comprising syringe, 
Where the syringe comprises a hydrogel formed by reaction of 
(2-(vinylsulfonyl)ethoxy)l_lo%hyaluronic acid With a thiol 
crosslinker as described above. 

In yet another related embodiment, the syringe comprises a 
hydrogel as described in any one or more of the above 
embodiments Where the hydrogel is dispersed in an aqueous 
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4 
solution of unmodi?ed hyaluronic acid. In a related embodi 
ment, the aqueous solution is saline. 

In a related embodiment, the syringe is in a form suitable 
for intra-articular injection of the hydrogel using a 18-21 
gauge needle. 

In yet another related embodiment, the syringe comprises a 
hydrogel as described in any one or more of the above 
embodiments Where the hydrogel further comprises a bioac 
tive agent. In a related embodiment, the bioactive agent is 
selected from the group consisting of steroids, groWth factors, 
anti-proliferative agents, and antibiotics. In yet a more spe 
ci?c embodiment, the hydrogel comprises from about 0.01% 
to about 20% by Weight bioactive agent, depending of course 
on the potency of the bioactive agent. That is to say, a less 
potent agent Will typically be contained in the hydrogel at the 
higher end of the foregoing range, e.g., from about 10-20% by 
Weight, While a potent bioactive agent Will be at the loWer end 
of the range, e.g., from about 0.01 to 3% by Weight. In a 
speci?c embodiment in Which the bioactive agent is triamci 
nolone acetonide, the hydrogel comprises from about 0.1 to 
1% by Weight bioactive agent. 

In yet another embodiment, the syringe comprises a hydro 
gel as described in any one or more of the above embodiments 
Where the hydro gel further comprises living cells. Exemplary 
living cells include stem cells, parenchimal stem cells, blood 
derived cells, and bone marroW cells. 

In a sixth aspect, provided is a method for delivering a 
poorly Water soluble bioactive agent by administering a 
hydrogel as described herein comprising the poorly Water 
soluble bioactive agent dispersed in the hydrogel. 

In a seventh aspect, described is a method of treating acute 
and chronic in?ammation associated With osteoarthritis, 
rheumatoid arthritis, other in?ammatory arthritides, and 
repetitive use by injecting a hydrogel in accordance With any 
one or more aspects or embodiments described herein into the 
intra-articular space of a joint such as the knee in a subject. In 
a particular embodiment, i.e., When the hydrogel comprises a 
corticosteroid incorporated therein, the method is effective to 
result in damage to the cartilage that is reduced from the 
cartilage damage that occurs upon administration of an 
equivalent amount of the corticosteroid absent hydrogel 
entrapment, as characteriZed in a goat joint injection model 
by total Mankin score at 28 days post injection. In a related 
embodiment, the foregoing method, i.e., injection of the 
hydrogel into the intra-articular space of a joint, is effective to 
provide to the subject a degree of pain relief relative to the 
pain experienced by the subject prior to injection of the sub 
ject hydrogel. Typically, initiation of pain relief is experi 
enced by the subject Within anyWhere from about one hour to 
about one Week folloWing the injection, more preferably 
Within about one hour to about 3 days folloWing injection. 
That is to say, initiation of pain relief typically commences 
Within about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 
17, 18, 19, 20, 21, 22, 23, or 24 hours post injection, or, ifnot 
Within the ?rst tWenty four hours, Within 1, 2, 3, 4, 5, 6, or 7 
days post-injection. Typically, the duration of pain relief is 
expected to last anyWhere from about 3 to 9 months, i.e., from 
3, 4, 5, 6, 7, 8, 9 months or even longer. 

In an eighth aspect, provided is a method for reducing 
damage to cartilage upon administration of a corticosteroid 
into the intra-articular space of a joint of a subject suffering 
from osteoarthritis by incorporating the corticosteroid into a 
cross-linked hydrogel prior to or upon administration to the 
subject. The cross-linked hydrogel is generally a hyaluronic 
acid-based hydrogel to be described in greater detail beloW. 
An exemplary cross-linked hydrogel is one that is a hyalu 
ronic acid modi?ed to a degree of 10% or less by reaction With 
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divinyl sulfone, followed by cross-linking With a thiol 
crosslinker having tWo or more thiol groups. Surprisingly, by 
virtue of incorporating the corticosteroid into the cross-linked 
hydrogel, less damage occurs to the cartilage than occurs 
upon administration of an equivalent dose of corticosteroid 
absent hydrogel incorporation. 

In a ninth aspect related to the foregoing, in a method for 
treating osteoarthritis by administering a therapeutically 
effective amount of a corticosteroid into the intra-articular 
space of a joint of a subject, provided herein is an improve 
ment comprising administering the corticosteroid in the form 
of a cross-linked hydrogel composition comprising the corti 
costeroid, Whereby damage to the cartilage is lessened When 
compared to administration of an equivalent amount of the 
corticosteroid absent hydrogel incorporation. 

In a particular embodiment related to the seventh, eighth 
and ninth aspects, the corticosteroid is selected from the 
group consisting of hydrocortisone, hydrocortisone acetate, 
cortisone acetate, tixocortol pivalate, prednisolone, methyl 
prednisolone, prednisone, triamcinolone, triamcinolone salts 
such as triamcinolone acetonide, triamcinolone benetonide, 
triamcinolone furetonide, triamcinolone hexacetonide, tri 
amcinolone diacetate, triamcinolone alcohol, mometasone, 
amcinonide, budesonide, desonide, ?uocinonide, ?uocino 
lone acetonide, halcinonide, betamethasone, betamethasone 
sodium phosphate, dexamethasone, dexamethasone sodium 
phosphate, ?uocortolone, hydrocortisone-l7-butyrate, 
hydrocortisone-l7-valerate, aclometasone dipropionate, 
betamethasone valerate, betamethasone dipropionate, pred 
nicarbate, clobetasone-l7-butyrate, clobetasol-l7-propi 
onate, ?uocortolone caproate, ?uocortolone pivalate, ?u 
prednidene acetate, beclomethasone dipropionate 
monohydrate, ?unisolide, ?uticasone propionate, mometa 
sone furoate monohydrate, and ?uticasone furoate. 

In an even more speci?c embodiment, the corticosteroid is 
triamcinolone acetonide. 

In a tenth aspect, provided is a formulation comprising a 
poorly Water-soluble soluble drug such as a steroid entrapped 
Within the 3-dimensional structure of a hydrogel as described 
herein, folloWed by injecting such formulation into the intra 
articular space of a joint. 

In one embodiment related to the foregoing, the trapping of 
steroid particles Within the hydrogel is effective to prevent 
direct contact of the majority of the steroid particles With the 
joint tissues. 

In yet another related embodiment, the trapping of steroid 
particles in the hydrogel is effective to maximize the localized 
concentration of the steroid in the joint, While minimizing its 
systemic concentration. 

In yet a further embodiment, the entrapment of steroid 
particles in the hydrogel is effective to protect the steroid 
particles from premature clearance from the joint. 

In yet an additional embodiment, by entrapping the steroid 
in the hydrogel, therapeutic e?icacy of the steroid is attained 
at a loWer total dose than Would be attained absent hydrogel 
entrapment, While minimizing unWanted local and systemic 
side effects. 

In a related aspect, provided is the use of a hydrogel as 
described herein for injecting or implanting onto or into bone, 
teeth, nerves, cartilage, blood vessels, soft tissues or other 
tissues of a mammalian subject. 

Additional embodiments of the compositions, methods, 
kits, and the like Will be apparent from the folloWing descrip 
tion, examples, and claims. As can be appreciated from the 
foregoing and folloWing description, each and every feature 
described herein, and each and every combination of tWo or 
more of such features, is included Within the scope of the 
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6 
present disclosure provided that the features included in such 
a combination are not mutually inconsistent. In addition, any 
feature or combination of features may be speci?cally 
excluded from any embodiment of the present invention. 
Additional aspects and advantages of the present invention 
are set forth in the folloWing description, particularly When 
considered in conjunction With the accompanying examples 
and draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a 1H NMR spectrum of vinyl-sulfone modi?ed 
hyaluronic acid (HA-VS) prepared as described in Example 
1 . Based upon the NMR, the hyaluronic acid Was determined 
to possess a level of vinyl sulfone substitution of approxi 
mately four percent per disaccharide. 

FIG. 2 is a plot demonstrating percent release of a poorly 
Water soluble model drug, triamcinolone acetonide, versus 
sampling number as described in Example 16. 

FIG. 3 is a plot demonstrating the cumulative mass released 
of a poorly Water soluble model drug, triamcinolone 
acetonide, per sampling point as described in Example 16. 

FIG. 4 is a plot demonstrating the amount of triamcinolone 
acetonide released per sampling point as described in 
Example 16. 

FIG. 5 is a graphical depiction of the synovial ?uid leuko 
cyte count (cells per cubic millimeter) in goat knees injected 
With Test Material 1 relative to the test material treatment 
group evaluated at 24 hrs after 1.5 ml injection as described in 
Example 17. Test Material lIHA-VS/PEG-(SH)2 gel. 

FIG. 6 is a graphical depiction of the absolute synovial 
?uid leukocyte count (absoluteqotal volume><synovial ?uid 
leukocyte count) in goat knees injected With Test Material 1 
relative to test material treatment group evaluated at 24 hrs 
after 1.5 ml injection as described in Example 17. Test Mate 
rial lIHA-VS/PEG-(SH)2 gel. 

FIG. 7 provides a graphical representation of the synovial 
?uid leukocyte differential distribution (means for groups) 
for the injected goat knees relative to test material treatment 
group evaluated at 24 hrs after 1.5 ml injection as described in 
Example 17. ShoWn for each Test Material is the distribution 
of polymorphonuclear leukocytes (PMN), lymphocytes, 
monocytes, and eosinophils (Eos). 

FIG. 8 is a graphical depiction of the average total scores 
for synovial ?uid, joint tissues, and combined synovial ?uid 
and joint tissues scores (Table 6) for the injected goat knees 
for each representative Test Material as described in Example 
17, Where Total Gross Score:Synovial Fluid Score+Total 
Joint Score. Maximum score for Synovial Fluid or Total Joint 
Score is 8 With 0 being normal; Maximum score for Total 
Gross Score is 16 With 0 being normal. 

FIG. 9 illustrates the safranin O stain scores for cartilage 
samples from goat joints treated With the test materials as 
described in detail in Example 34 at 14 days post injection. 
Test Material 1: HA-VS-PEG-(SH)2, Test Material 2: 
HA-VS-PEG-(SH)2-TA. 

FIG. 10 illustrates the safranin O stain scores for cartilage 
samples from goat joints treated With the test materials as 
described in detail in Example 34 at 28 days post injection. 

FIG. 11 illustrates the results of the Mankin scoring sys 
tems for cartilage samples from goat joints treated With the 
test materials as described in detail in Example 34 at 28 days 
post-treatment. 

FIG. 12 and FIG. 13 illustrate representative medial femo 
ral condyle histology With Safranin-O staining (40x) at Day 
14 (FIG. 12) and Day 28 (FIG. 13) post-injection, respec 
tively, as described in detail in Example 34. 
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FIG. 14 provides a graphical representation of mean syn 
ovial ?uid leukocyte count (meanzsd) for all animals relative 
to the Test Material and Control Material evaluated 24 hours 
after 1.5 ml intra-articular injection as described in detail in 
Example 45. 

DETAILED DESCRIPTION 

The present invention noW Will be described more fully 
hereinafter. This invention may, hoWever, be embodied in 
many different forms and should not be construed as limited 
to the embodiments set forth herein; rather, these embodi 
ments are provided so that this disclosure Will be thorough 
and complete, and Will fully convey the scope of the invention 
to those skilled in the art. 

All publications, patents and patent applications cited 
herein, Whether supra or infra, are hereby incorporated by 
reference in their entirety, unless otherWise indicated. In an 
instance in Which the same term is de?ned both in a publica 
tion, patent, or patent application incorporated herein by ref 
erence and in the present disclosure, the de?nition in the 
present disclosure represents the controlling de?nition. For 
publications, patents, and patent applications referenced for 
their description of a particular type of compound, chemistry, 
etc., portions pertaining to such compounds, chemistry, etc. 
are those portions of the document Which are incorporated 
herein by reference. 

DEFINITIONS 

It must be noted that, as used in this speci?cation, the 
singular forms “a,” “an,” and “the” include plural referents 
unless the context clearly dictates otherWise. Thus, for 
example, reference to a “polymer” includes a single polymer 
as Well as tWo or more of the same or different polymers. 

Unless speci?cally noted otherWise, de?nitions of the 
terms herein are standard de?nitions used in the arts of 
organic synthesis, and polymer and pharmaceutical science. 

In describing and claiming the present invention, the fol 
loWing terminology Will be used in accordance With the de? 
nitions described beloW. 
A “biocompatible polymer” is a polymer having degrada 

tion products that are compatible With living tissue, or that 
may have bene?cial biological properties. The biocompatible 
polymer may be biocompatible in itself, and/or may be syn 
ergistically biocompatible When employed in conjunction 
With a biologically active agent. 

The term “hyaluronic acid polymer” refers to a polymer 
comprising repeat disaccharide subunits of hyaluronan, 
Where the repeat units may be derivatiZed at one or more 
positions of the D-glucuronic acid and/or the D-N-acetylglu 
cosamine unit of the disaccharide repeat subunit. A hyalu 
ronic acid polymer is meant to encompass hyaluronic acid 
(also referred to as hyaluronan), derivatiZed hyaluronic acid, 
salts forms, hyaluronic acid linker complexes, and hyaluronic 
acid conjugates. The term, “hyaluronic acid”, is meant to 
refer to unmodi?ed or non-derivatiZed hyaluronic acid. 

The terms “hyaluronic acid derivative” or “derivatiZed 
hyaluronic acid” or “modi?ed hyaluronic acid” refers to 
hyaluronic acid that has been derivatiZed by reaction With, 
e.g., one or more small chemical moieties such as divinyl 
sulfone or the like. 

A thiol-derivatiZed hyaluronic acid polymer refers to a 
hyaluronic acid polymer as described above having three or 
more disaccharide repeat units and comprising at least one 
sulfhydryl (thiol) group. 
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8 
The term “reactive” refers to a functional group (e. g., 

present in a polymer) that reacts readily or at a practical rate 
under conventional conditions of organic synthesis. This is in 
contrast to those groups that either do not react or require 
strong catalysts or impractical reaction conditions in order to 
react (i.e., a “nonreactive” or “inert” group). 

“Molecular mass” or molecular Weight, as used herein, in 
the context of a Water-soluble polymer such as hyaluronic 
acid, refers to the nominal average molecular mass of a poly 
mer determined by multi angle light scattering. Molecular 
Weight can be expressed as either a number-average molecu 
lar Weight or a Weight-average molecular Weight. Unless 
otherWise indicated, all references to molecular Weight herein 
refer to the number-average molecular Weight. 

The term “hydrogel” refers to a Water-containing three 
dimensional hydrophilic polymer netWork or gel in Which the 
Water is the continuous phase and in Which the Water content 
is greater than 50% (W/W). The hydrogels described herein 
typically do not require the incorporation of cross-linking 
initiators or accelerants to achieve the desired degree of 
crosslinking. 
A “sterile” composition is one that is free of viable 

microbes as determined using the USP sterility test. See “The 
United States Pharmacopeia”, 30th Revision, The United 
States Phar'macopeial Convention: 2008. 
The term “lightly crosslinked” as used herein or “having a 

loW degree of crosslinking” means that the crosslinking reac 
tion occurs such that about 40% to about 100% of the avail 
able crosslinking sites are reacted to generate the ?nal 
crosslinked gels, Where the modi?ed hyaluronic acid starting 
material used to form the gel possesses 10% or less of its 
hydroxyl groups in activated/derivatized form, to thereby 
provide an hydrogel that is considered overall to be lightly 
crosslinked. 
A hydrogel that exhibits loW pro-in?ammatory properties 

in a goat joint injection model is one that When evaluated in a 
goat joint injection model as described herein exhibits a syn 
ovial ?uid leukocyte count of less than 20,000 cells per cubic 
millimeter at 24 hours post-injection, and preferably, a syn 
ovial ?uid leukocyte count of less than 15,000 cells per cubic 
millimeter at 24 hours post-injection, Where the count is an 
average count taken from three individual injected animals. 
A hydrogel containing a corticosteroid that “reduces dam 

age to the cartilage” or “that produces less cartilage damage” 
than an equivalent dose of a corticosteroid administered 
absent incorporation into the subject hydrogel is typically 
characterized by any suitable model for assessing cartilage 
damage, but preferably, is measured using an in-vivo goat 
knee injection model as described in detail herein. Post inj ec 
tion data is typically collected at least 7 days but no more than 
28 days post injection. A preferred standard of measure is 
total Mankin score; a material that reduces damage to carti 
lage over drug alone, assessed as described previously, is one 
that demonstrates an improvement in the average score over 
the drug (i.e., corticosteroid), When administered in an 
equivalent amount. Preferably, the total Mankin score for 
hydrogel-incorporated drug is improved by at least one or 
more points over the total Mankin score for drug When admin 
istered in non-hydrogel entrapped form. 
The term “drug,” or “phar'maceutically active agent” or 

“bioactive agent,” or “active agent” as used interchangeably, 
means any organic or inorganic compound or substance hav 
ing bioactivity and adapted or used for therapeutic purposes. 
Proteins, hormones, anti-cancer agents, small molecule 
chemical compounds and mimetics, oligonucleotides, DNA, 
RNA and gene therapies are included under the broader de? 
nition of “drug”. As used herein, reference to a drug, as Well 
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as reference to other chemical compounds herein, is meant to 
include the compound in any of its pharmaceutically accept 
able forms, including isomers such as diastereomers and 
enantiomers, salts, solvates, and polymorphs, particular crys 
talline forms, as Well as racemic mixtures and pure isomers of 
the compounds described herein, Where applicable. 

The term “solid” as used herein, means a non-?uid sub 
stance, including crystalline forms, their polymorphs, non 
crystalline amorphous substances, precipitates, and particles, 
or the like. Each of these solid forms may vary in siZe, from 
about 0.01 microns to 2,000 microns, for example, from about 
0.01 microns to 1 micron, from 1 micron to 100 microns, from 
100 microns to 1,000 microns, from 1000 microns to 2000 
microns, from 1 100 microns to 1500 microns, and from 1500 
microns to 2000 microns. 

Particle siZes, as referred to herein, refer to particle diam 
eters, and are typically determined by sieve analysis. The 
siZes or ranges described typically correspond to a sieve or 
mesh opening siZe. One may refer to a particle siZe conver 
sion chart to determine the siZe, e. g., in mm, corresponding to 
a particular mesh or screen number. See, e.g., Examples 39 
and 40. 
A “Water insoluble drug” or “poorly Water soluble drug” is 

one having an aqueous solubility beloW 10 mg/mL. 
The terms “effective amount” or “pharmaceutically effec 

tive amount” or “therapeutically effective amount” of a com 
position (or hydro gel or polymer), as provided herein, refer to 
a non-toxic but su?icient amount of the composition to pro 
vide the desired response, such as preventing, diminishing, or 
eliminating pain in a subject. The exact amount required Will 
vary from subject to subject, depending on the species, age, 
and general condition of the subject, the severity of the con 
dition being treated, the particular drug or drugs employed, 
speci?cs of the composition, mode of administration, and the 
like. An appropriate “effective” amount in any individual case 
may be determined by one of ordinary skill in the art using 
routine experimentation. 

“Treatment” or “treating” acute or subchronic pain 
includes: inhibiting pain, i.e., arresting the development or 
reversing pain, or relieving pain, i.e., decreasing the amount 
of pain experienced by the subject. 

“Optional” or “optionally” means that the subsequently 
described circumstance may or may not occur, so that the 
description includes instances Where the circumstance occurs 
and instances Where it does not. 

The term “substantially” in reference to a certain feature or 
entity means to a signi?cant degree or nearly completely (i.e. 
to a degree of 85% or greater) in reference to the feature or 
entity. 

The term “about”, particularly in reference to a given quan 
tity, is meant to encompass deviations of plus or minus ?ve 
percent. 

Additional de?nitions may also be found in the sections 
Which folloW. 

OvervieW 
The present application is based, at least in part, on the 

inventors’ discovery of hydrogels having extremely loW pro 
in?ammatory properties When administered in vivo. In con 
ducting studies related to the present disclosure, the inventors 
recogniZed that many biocompatible hydrogels having seem 
ingly bene?cial chemical, rheological, and other physical 
properties, and Which behave favorably in a number of bio 
compatible and accepted in-vitro and in-vivo models, can 
cause in?ammation and pain, in particular upon intra-articu 
lar injection. The materials described herein Were discovered 
to possess remarkably loW pro-in?ammatory properties When 
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10 
examined in a goat joint injection model and compared to 
similar hydrogel compositions. See, e.g., Example 17 and 
FIGS. 4-8. Generally, the instant hydrogels, When adminis 
tered into an intra-articular space of a joint (e. g., When exam 
ined in a goat joint injection model), exhibited reduced 
adverse or undesirable side effects on the cartilage When 
compared to the administration into an intra-articular space of 
a joint of an equivalent amount of either a commercially 
available viscosupplement or the administration of an equiva 
lent amount of active agent absent hydrogel incorporation as 
described herein. 

Unexpectedly, it has also been discovered that the incor 
poration of a corticosteroid into a cross-linked hydrogel such 
as described herein actually results in less damage to cartilage 
than observed upon administration of an equivalent or higher 
dose of corticosteroid in non-hydrogel entrapped form. See, 
e.g., Example 34 and FIGS. 9-13. Moreover, provided herein 
are results indicating that intra-articular injection of the 
instant hydrogels produces no local or systemic effectsi 
either When administered alone (i.e., absent active agent) or 
When administered in combination With a corticosteroid such 
as triamcinolone acetonide. 

The superior hydrogels described herein are generally 
formed by controlled reaction of hyaluronic acid having Well 
characteriZed, loW levels of functional group modi?cation 
With suitable difunctional or multi-functional crosslinkers. 
The resulting hydrogels are formed under mild conditionsi 
Without the need for initiators or accelerants or other delete 
rious additives. The resulting hydrogels are designed to pos 
sess a minimal number of unreacted, reactive groups, and are 
formed from a minimal number of reactants and reaction 
components. The hydrogels are lightly cross-linked, and have 
also been shoWn to be useful for entrapping and releasing 
bioactive agents in a sustained and steady fashion over time. 
See, e.g., FIGS. 2-3. 
The features of the composition, method and kits, and the 

like Will noW be discussed in greater detail beloW. 

DerivatiZed Hyaluronic Acid Polymers 
The present hydrogels can be formed from a variety of 

polymer materials. Preferred are biodegradable or bioabsorb 
able polymers modi?ed to a certain extent to contain one or 
more reactive functionalities. Preferably, the polymer is a 
polyanionic polysaccharide (PAS). Non-exclusive examples 
of polyanionic polysaccharides include, for example, hyalu 
ronic acid (HA), carboxymethylcellulose (CMC), carboxym 
ethylamylose (CMA), chondroitin-4-sulfate, chondroitin-6 
sulfate, dermatan sulfate, dermatin-6-sulfate, heparin sulfate, 
heparin, keratin sulfate and their derivatives, and combina 
tions thereof. Such polymers are knoWn in the art, and 
described, for example, in Us. Pat. No. 6,056,970. Other 
biodegradable polymers include ?brin, ?brinogen, starch, 
poly(amino acids); peptides, proteins, gelatin and collagen. 
A preferred polymer is hyaluronic acid also referred to as 

hyaluronan. Hyaluronic acid is a naturally occurring linear 
polysaccharide composed of alternating disaccharide units of 
N-acetyl-D-glucosamine and D-glucuronic acid joined by 
alternating [3 1->3 glucuronidic and [3 1->4 glucosaminidic 
bonds, so that the repeating unit is (1 ->4)-[3-D-GlcA-(1 ->3) 
[3-D-GlcNAc. The hyaluronic acid for use in preparing one or 
more of the subject hydrogels is typically derivatiZed With 
one or more reactive moieties such as vinyl sulfone, acrylate, 
methacrylate, and the like. Preferably, the hyaluronic acid is 
derivatiZed With a single reactive moiety. The extent of modi 
?cation or derivatiZation can range anyWhere from 1% to 
























































